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ABSTRACT
National studies have exposed a shortage of highly-qualified high school physics
teachers, with over 25% of physics teaching vacancies in Iowa being very difficult to fill
or unable to be filled. In an effort to improve the nation’s education system, there have
been broad changes in the framework of what constitutes high-quality teaching which
supports a trend away from traditional, lecture-based teaching methods and towards
interactive, student-centered methods. This study analyzed the impact of a professional
development program that aimed to prepare more high-quality high school physics
teachers by building physics content knowledge through the use of reformed teaching
techniques that could then be applied in their classrooms.
The Iowa Physics Teacher Instruction and Resources (IPTIR) program was a
three-year professional development program with a total of 35 high school science
teacher participants. Program staff administered conceptual and pedagogical evaluation to
teachers, and collected conceptual assessment data from their students. Analysis of this
data provided insight into the program’s effectiveness as well as implications for future
professional development programs.
The IPTIR program enabled 20 out-of-field high school physics teachers to obtain
a State of Iowa physics teaching endorsement, and improved the content knowledge of
the teachers and their students through the use of interactive engagement techniques such
as PRISMS PLUS learning cycles and Modeling Instruction. The results of this study
reveal the effectiveness of programs such as IPTIR, and emphasize a need for further
similar programs to produce more quality high school physics teachers.
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CHAPTER 1
INTRODUCTION
Today’s technological era is one of exponential advancements in medicine,
engineering and technology with seemingly no limit to what can be discovered and
learned. This progress has importance both economically for the nation as well as for the
‘greater good’ of human knowledge and advancement. As Karl Fisch and Scott
McCloud’s 2012 video “Did you Know?” said:
Did you Know… It is estimated that a week’s worth of the New York Times
contains more information than a person was likely to come across in a lifetime in
the 18th century (3:09)… We are preparing students for jobs that don’t even exist,
using technologies that haven’t been invented, to solve problems we don’t even
know are problems yet (0:47).
A constant influx of new information and technologies implies that education must
prepare students to be scientifically and technologically literate. Because it is unknown
what jobs will exist in ten years, student education can’t just focus on how to do things,
rather students need to know how to figure it out. For many students, these skills are built
in high school science classes. Physics at its core is about figuring out how and why
things happen, therefore physics classes hold great potential for building the science
reasoning skills that will prepare students for the 21st century workforce
Physics lies at the foundation of technology and engineering, a field that is
becoming increasingly more dominant in the classroom. The nationally developed Next
Generation Science Standards include the previously overlooked field of engineering
practices (Next Generation Science Standards, 2013), emphasizing the need for a focus in
the areas of engineering and its physics underpinnings. Today’s high school physics

2
teachers must be able to provide quality, effective and meaningful physics education in
order to build the foundation for the nation’s future workforce.
In February 2010, The Task Force on Teacher Education in Physics (T-TEP)
performed a national investigation into the number of quality of U.S. physics teacher
preparation programs, and the research, policy and funding implications that foster
effective physics teacher education (Task Force on Teacher Education in Physics, 2012).
The Task Force reported that with only a few exceptions, physics teacher preparation in
the U.S. is inadequate, inefficient, and unprepared to meet the needs of the 21st century
physics student. The report concluded that significant changes need to occur on the state
and national level in physics teacher education in order for every student to have the
opportunity to learn physics from a knowledgeable, highly qualified physics teacher.
These findings beg the question, “what makes a quality physics teacher?” Physics
builds upon foundational concepts as found in the Iowa Core, including knowledge of
motion and forces, energy and its interactions, magnetism, and electricity (Iowa
Department of Education, 2012a). A deep understanding of these concepts is a basic
component of a quality physics teacher. However, quality teaching goes beyond mastery
of content; a quality physics teacher also has the expertise and ability to teach these
concepts clearly. Quality teaching includes proficiency in scientific inquiry, such as
engaging students with questions and creating scenarios where students can formulate
explanations based on evidence, as emphasized in the Iowa Core (Iowa Department of
Education, 2012a).
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Statement of Problem
High School Physics Teacher Preparation
Deficiencies persist in physics teachers’ ability to instill deep understanding, and
one reason for this deficiency is often a gap between pedagogy and content knowledge in
today’s physics teacher preparation. Much of today’s teacher education focuses on
teaching methodology and theory, disconnected from the pre-service teacher’s content
area (Loughran, Mulhall & Berry, 2008). Emphasis in teacher education is placed on
classroom management, lesson planning, assignments, and time allocation (Shulman,
1994). While these are valuable skills to learn, emphasis on these aspects of teacher
education without equal emphasis on content-specific teaching pedagogy can lead to the
inability to effectively teach difficult concepts within the teacher’s content area.
In a 2008-2009 the American Institute of Physics (AIP; 2012) surveyed
approximately 3,600 public and private high schools across the U.S. gathering data on
physics teacher background, preparation and course characteristics. The survey found that
approximately 24% of high school physics teachers have a major in physics or physics
education. The Taskforce on Teacher Education in Physics (T-TEP) concluded that over
90% of the teachers that do receive an undergraduate degree in physics education were
educated by programs that do not provide coherent content and pedagogical preparation
(T-TEP, 2012). As a result a majority of physics teachers enter the classroom unprepared
and are faced with a “trial and error” approach to learning pedagogical skills.
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Physics Teacher Shortages
Since 1987, there has been a 28% nationwide increase in the number of teachers
who taught at least one physics class (17,900 in 1987 to 23,000 in 2012), however growth
in the number of physics teachers is much smaller than the growth of the number of
physics students (Tesfaye & White, 2012). In 2012, the Iowa Department of Education
(Iowa DoE) designated all science subjects Grades 5-12 as teacher shortage areas, as
determined by the number of Class B licenses issued as well as the projected number of
science teacher graduates for the year (Iowa DoE, 2012b). A class B teaching license is a
conditional license that allows a teacher to teach outside his/her endorsement area while
concurrently obtaining the necessary educational credits for the outside endorsement
area.
In 2011-2012, the National Center for Education Statistics found that 25.5% of
physical science teaching vacancies nationally were either very difficult to fill or not able
to be filled (U.S. Department of Education, 2011). As a result, many physics teaching
vacancies are filled by out-of-field physics teachers – those whose area of expertise is in
other science subjects and who have yet to meet the physics course requirements for a
physics teaching endorsement (Escalada & Moeller, 2006). These teachers are often short
in the number of physics credit hours they need to meet the requirements for a physics
teaching endorsement, and these requirements must be met within a certain period of time
while teaching physics.
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Theoretical Framework
Physics education research focuses primarily on student understanding of physics
concepts, how instruction alters these concepts, and the problem-solving techniques of
students (Knight, 2004). These make up the facets of student learning, which are the
specific strategies and pieces of knowledge students use to solve problems and answer
questions. Facets can be correct, or can be a misconception or false observation, and are
valuable for analyzing students’ thinking and decision processes (Minstrell, 2000). To
capture each of these facets of student learning, research involves not only physics but
also psychology and cognitive science, providing a framework from which best
educational practices can be determined. Today’s physics education research considers
not only what knowledge to instill in students but also the knowledge students bring to
the classroom. This view of instruction aligns directly with the constructivist model of
teaching, where the individual learning experience is not that of a passive onlooker,
rather it is created from within the learner (Staver, 1998).
According to the constructivist model, the individual acquires scientific
knowledge by constructing their own concepts, and this construction is a product of both
the knowledge already possessed and the new information being received (McDermott,
1991). Prior knowledge, particularly of physics concepts, is often inconsistent if not
incorrect, and these misconceptions are quite resilient to change (Knight, 2004).
Misconceptions, also called naive ideas or alternate conceptions, are erroneous
understandings of concepts and/or phenomena (Goris & Dyrenfurth, 2010).
Misconceptions are based on students’ prior knowledge and have been internally justified
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and reasoned, believed to be true by the student but in reality represent flawed
understanding. Therefore it is essential to not just inform students of physics concepts,
they must understand and be convinced of the behavior of physical phenomena in order
to dispel their misconceptions. From a constructivist framework, physics education
research has identified implications for instruction that provides the student with
opportunities to construct this knowledge and models to conceptually represent and
understand physics phenomena.
Identification of Terminology
Content knowledge refers to knowledge of subject matter and the intricate ways in which
it can be associated with different degrees of cognitive complexity (Shulman, 1987). As a
teacher, sufficient subject knowledge is essential not only to be able to instruct and define
basic concepts, but to also to guide students to discover why the concept is so.
Pedagogical content knowledge goes beyond the subject matter to the ability of a teacher
to translate knowledge to students. An effective teacher uses analogies, explanations,
demonstrations, and to represent content knowledge to a student. Without this
knowledge, the teacher often misrepresents the information and can cause student
misconceptions (Halim & Meerah, 2002). This can lead to frustrations on the part of both
teacher and student, which can contribute to negative view points on the topics (Ucar,
2012). However, with sufficient pedagogical content knowledge a teacher can present
the concepts of physics at a cognitively complex level, allowing the motivated student to
strengthen his or her understanding of the physical world.
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Traditional teaching refers to conventional instruction that involves the teacher directly
providing students with necessary information, and as such is often referred to as direct
instruction. Students are passive receivers of information and classrooms are teacher
centered (Wells, Hestenes & Swackhamer, 1995).
Reformed teaching is defined by educational research into what teaching methods are
more effective than others (Knight, 2004). The reformed teaching framework is based on
student cognition, prior conceptions and a need to organize knowledge to achieve
functional understanding. The role of the teacher is to facilitate the development of
student knowledge and utilize interactive engagement techniques by questioning students,
therefore classrooms are student centered.
Interactive engagement methods promote student conceptual understanding through the
use of probing questions, student discussion and hands-on activities (Hake, 1998).
Conceptual understanding goes beyond the symbols, numbers, procedures and facts that
define specific knowledge, to the connections between ideas and application of concepts.
Conceptual understanding requires higher-order thinking as compared to memorizing
facts, and therefore cannot be achieved by rote memorization. Conceptual knowledge is
achieved through understanding of the underlying concepts, and the knowledge can be
reconstructed and applied to various scenarios (Balka, Hull, & Harbin Miles, 2013).
The Learning Cycle is a structure of teaching and learning intended to guide students
towards questions and a desire to understand the concept at hand. This is followed by
methods that ideally allow the students to discover answers to their questions and then
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apply the new concept to new situations. The three stages of the learning cycle are
commonly referred to as Exploration, Concept Development and Introduction, and
Application. Other variations of the learning cycle exist including the 5E learning cycle
consisting of Engagement, Exploration, Explanation, Elaboration, and Evaluation (Bybee
et al., 2006).
Out-of-field physics teachers are those whose area of expertise is in other science subjects
and have yet to meet the physics course requirements for a physics teaching endorsement.
Facets of student learning are the specific strategies and pieces of knowledge students
use to solve problems and answer questions. Facets can be correct, or can be a
misconception or false observation, and are valuable for analyzing students’ thinking and
decision processes (Minstrell, 2000).
Misconceptions, also called naive ideas or alternative conceptions, are erroneous
understandings of concepts and/or phenomena. Misconceptions are based on students’
prior knowledge which have been justified and reasoned. These are ideas formed from
everyday experiences to create understanding believed to be true by the student, but in
reality represent flawed understanding. To overcome misconceptions, students must
encounter a conceptual change and new understanding, and often misconceptions are
very resistant to change (Goris & Dyrenfurth, 2010).
PRISMS PLUS, developed with funding from the National Science Foundation in
collaboration with master high school physics teachers, is a learning-cycle based physics
curriculum containing 44 complete cycles in four unit books covering Force and Motion,
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Work and Energy, Waves and Optics and Electricity, and Modern Physics (Cooney,
Escalada & Unruh, 2008).
Modeling Instruction is a modified learning cycle curriculum developed in response to
persistent weaknesses in traditional, lecture-based teaching methods. Modeling
Instruction uses engaging, insightful activities to give students opportunities to build
conceptual models to aid in the understanding of physical phenomena (Jackson,
Dukerich, & Hestenes, 2008).
Socratic Questioning is often associated with Modeling Instruction, and is the practice of
using question prompts to promote reflective and critical student thinking (Wenning,
2005). The questions, which can be posed by both teacher and classmates, hold students
accountable for their own learning by exposing thinking processes and conceptual
understanding (or lack thereof).
Whiteboarding is a Formative Assessment Classroom Technique (FACT) often
associated with Modeling Instruction, and usually involves small groups of students
collaborating to present explanations, graphs, tables, and/or diagrams on a dry erase
board. The boards are generally large (24”x32”), allowing both teacher and students to
quickly discern a group’s explanation and reasoning (Keeley, 2008). Whiteboarding
encourages an environment where students generate their own ideas and solutions.
Students explain their findings to a question previously posed to the class, followed by
dialogue involving other classmates and the teacher, often involving Socratic questioning
(Wenning, 2005).
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The Force Concept Inventory (FCI) is a conceptual assessment which tests
comprehension of basic Newtonian concepts. The test is comprised of 30 multiple-choice
questions covering six major Newtonian concepts: (1) Kinematics, (2) Newton’s First, (3)
Second, and (4) Third Laws, (5) Superposition, and (6) Kinds of Force (Hestenes, Wells
& Swackhamer, 1992). The test is structured to require a choice between Newtonian
concepts and common alternative misconceptions (Huffman & Heller, 1995).
The Test of Understanding Graphs in Kinematics (TUG-K) is a multiple-choice
conceptual assessment designed to uncover common difficulties and misconceptions
students often have interpreting kinematic graphs (Beichner, 1994).
The Classroom Test of Scientific Reasoning (Lawson Test) assesses deductive and
inductive reasoning, proportionality and probability reasoning, and other processes of
scientific thinking across various realms of science (Lawson, 1978).
The Reformed Teaching Observation Protocol (RTOP) is a tool used to quantitatively
analyze reformed teaching practices. It is a 100 point Likert-scale instrument broken
down into five 20-point categories: Lesson Design and Implementation, Propositional
Knowledge (Content), Procedural Knowledge (Inquiry), Communicative Interactions,
and Student/Teacher Relationships (Sawada et al., 2000).
Iowa Physics Teacher Instruction and Resources (IPTIR), a three-year professional
development program, was developed to prepare more high-quality secondary physics
and physical science teachers for Iowa’s schools. Utilizing Modeling Instruction,
PRISMS PLUS learning cycles and other interactive engagement methods, the program
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developed participants’ physics pedagogical content knowledge using methods
participants could then apply in their classrooms.
Average normalized gain is the average increase in scores divided by the average
increase that would have resulted if all students had perfect post-test scores, and is used
in this study to estimate improvement or average teaching effectiveness (Coletta &
Phillips, 2005).
Average normalized change is used when a decrease is encountered from pre-test to posttest, and is the average decrease in scores divided by the maximum possible decrease,
which is also represented by the pre-test score (Marx & Cummings, 2007).
Previous Studies
Extensive research has been performed to determine why deficiencies persist in
today’s physics teachers, and many studies identify the root of the problem to be physics
teacher education. To teach a concept well a teacher must possess deep understanding of
the concept, which is often not being achieved in physics teacher education. Without
strong conceptual understanding, a teacher’s knowledge is often fragmented,
compartmentalized, and poorly organized so that when instructing, this knowledge is
difficult to access (Loughran et al., 2008). Studies identify specific aspects of physics that
pre-service physics teachers have increased difficulty learning (Sahin & Yağbasan, 2012)
and how these difficulties result in a lack of content knowledge which translates to
misinformed instruction (Halim & Meerah, 2002). Mathematical competency can be a
large factor in understanding physics concepts and difficulties in math likely parallel
difficulties in physics (Sahin & Yağbasan, 2012).
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Studies report that misinformed instruction can lead to student misconceptions
and a fragmented understanding of physics concepts (Ucar, 2012), and that this chain of
events can be broken by improving both the content knowledge and pedagogy of both inservice and pre-service physics teachers (van Driel, Verloop & de Vos, 1998). Previous
professional development programs report promoting deeper scientific understanding and
inducing an overall change in scientific teaching (Yerrick, Parke, & Nugent, 1997) and
the most effective professional development utilizes methods to instill content knowledge
that are in turn directly applicable in the teacher’s classroom.
Deficiencies in Previous Studies
Previous studies clearly outline the need to improve secondary physics teacher
education and provide professional development aimed at expanding physics teacher
content knowledge and pedagogy. Only a limited number of studies have assessed the
effectiveness of these programs and the impact the expansion of teacher knowledge and
pedagogy has on student learning. Previous studies also are limited in that they focus on
master physics teachers at the college and high school level but not on novice physics
teachers over a period of time. This study aims to determine overall effectiveness of
research-based instructional methods used to guide novice high school physics teachers
to reformed classroom practices, as well as take a closer look at student impact and
determine aspects of the program that can give insight to future professional development
programs.
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Purpose and Significance of Study
The purpose of this study is to both quantitatively and qualitatively analyze
changes among participants in a physics teacher professional development program
aimed at improving physics teacher pedagogical content knowledge using research-based
instructional methods. Evaluation includes analysis of participant content knowledge and
pedagogical methods as well as the transfer of these changes into the classroom based on
classroom practice as well as student performance. Teacher feedback and conceptual
understanding of both the teacher participants and their respective students throughout
the program illustrates the program’s initial, intermediate, and long-term outcomes
(Escalada, Morgan & Stone, 2010).
By evaluating the effectiveness of this professional development method, the
study will in turn provide significant guidance to other physics teacher professional
development programs. An increase in the number of effective physics teacher programs
nationwide can lead to an increase in the number and quality of physics teachers with
endorsements in physics, addressing the current shortage of qualified high school physics
teachers. Additionally, the effective professional development methods may lead to
similar education initiatives in other content areas, leading to improvements in overall
student performance on standardized tests as well as an increase in comprehensive
knowledge (Escalada et al., 2010).
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CHAPTER 2
REVIEW OF LITERATURE
Pre-Service Physics Teacher Education
In response to the nationwide shortage of physics teachers and lack of effective
physics instruction, the Task Force on Teacher Education in Physics (T-TEP) was formed
with the mission of determining the state of physics-teacher preparation and to provide
recommendations for higher quality physics-teacher preparation (T-TEP, 2012). T-TEP
surveyed all 758 U.S. collegiate physics departments, and within the high-producing
departments (two or more physics education graduates a year) faculty members were
interviewed to supplement the survey. In order to recognize the leaders in physics-teacher
preparation T-TEP then conducted site visits to the most promising institutions exhibiting
high-quality program. The Task Force found that these high-quality programs were rare,
and that the great majority of physics teacher preparation programs were ineffective at
producing teachers prepared to meet the needs of the nation’s students.
One significant finding of the T-TEP was that with little exception, pre-service
physics teachers receive education on their specific content as well as teaching methods
and theory, but little in the way of content specific teaching methodology. Rather,
educational coursework addressed state certification requirements and did nothing to
develop physics pedagogy (T-TEP, 2012).
Ideally, teachers’ understanding of physics concepts is developed during
undergraduate education, and views on the nature of science are developed even prior to
this stage. Loughren et al. (2008) investigated beyond the development of student
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pedagogical content knowledge into how content knowledge and the understanding of the
nature of science influences pre-service science teacher's views about teaching science.
They found that this simple awareness of content knowledge induced a shift in preservice teacher thinking towards aligning content with pedagogy. Introductory physics
courses taken at the undergraduate level coupled with previous exposure to science create
the foundation from which deep understanding can be built upon and then accessed when
teaching.
One study found that the most difficult concepts for pre-service physics teachers
are magnetism and electromagnetic waves. The researchers projected this difficulty was
from a lack of mathematical background knowledge needed to understand the concept
(Sahin & Yağbasan, 2012). Ucar (2012) reported that teachers’ negative attitudes towards
difficult concepts often stem from frustrations because they have not been instructed
using inquiry-based teaching methods during their pre-service training. After examining a
science training program for pre-service teachers, Ucar found that exposure to scientists
and scientific environments promoted more positive views and therefore more effective
teaching strategies.
Van Driel, Jong and Verloop (2002) examined pedagogical content knowledge in
pre-service chemistry teachers and their ability to switch from macro-level observations,
such as a chemical reaction, to atomic level thinking. This study can be applied to physics
as well, such as the macro-level properties of an electrical circuit and micro-level
understanding of the interactions between the electrons within the circuit. The teachers’
ability to switch between these “modes” of thinking was improved by increasing their
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content knowledge, which was done via workshops and mentors. The importance of preservice teachers’ understanding was made evident in a study that concluded that preservice teachers with little understanding were more likely to be unaware of student
misconceptions (Halim & Meerah, 2002). These trainee teachers were impeded by their
poor content knowledge, and when attempting to form analogies for instruction the
teachers often instead created further student misconceptions.
Current Status of Secondary Physics Teachers
Recent studies capture a snapshot of the nation’s secondary physics teachers in
terms of demographics, preparation, pedagogy and views on teaching. In order to develop
effective professional development an understanding of the target audience must first be
established.
Academic Preparation
A 2008-2009 study of about 3,600 public and private high schools across the U.S.
by the AIP found that only 26% of high school physics teachers have a degree in physics
or physics education (AIP Statistical Research Center, 2012). In a 2012 Horizon Research
study of almost 650 high public and private high school data indicated that only 20% of
the physics teachers had a degree in physics, and 14% having never taking a college
course in physics (Banilower et al., 2013).
When Horizon Research surveyed whether the teachers consider themselves to be
“very well prepared” to teach various topics, results indicated a range of self-reported
preparedness across physics topics (Banilower et al., 2013). Of the teachers surveyed,
80% felt prepared in areas of forces and motion, 54% felt prepared in electricity and
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magnetism, and 17% felt prepared in engineering related topics. In a parallel survey by
AIP (2012), 98% of those surveyed reported feeling adequately or well prepared to teach
physics, which while this can’t be directly compared to the reported “very well prepared”
it gives a window into the range of teachers that perceive themselves as only adequately
prepared to teach physics.
Beliefs About Teaching
The AIP and Horizon Research studies also surveyed high school physics teachers
on their classroom activities and pedagogy. In 2008 AIP reported that 95% of teachers
surveyed used traditional lecture at some point, and 34% used this most often. In contrast
65% reported using activity-based guided-inquiry, and 10% used this activity most often.
In a similar vein, the 2012 Horizon Research survey revealed that 64% of those surveyed
felt that definitions should precede the instruction on a science idea, and 45% of teachers
reported that lab activities should be used to reinforce ideas already learned (Banilower et
al., 2013). Horizon Research also reported that 92% indicated science instruction should
focus on depth not breadth, and 92% that class should provide opportunities for student
thinking and reasoning.
Professional Development for Physics Teachers
Research has established that graduates of the majority of physics education
programs receive little in the way of training in physics pedagogy (T-TEP, 2012). In
addition to pedagogically ill-prepared physics education graduates, because of the high
need for physics teachers many come from other educational, science and/or occupational
disciplines. Professional development is the engagement teachers, especially those
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coming from alternative fields, can use to develop the necessary content and pedagogy
skills to be high-quality, effective physics teachers. Additionally, as a teacher’s college
career becomes more distant in the past the importance grows to remain in touch with the
progress and change in science education (Bucher, 2009).
When analyzing and developing teacher content knowledge, it is important to
distinguish pedagogical content knowledge from both general pedagogical skills and
knowledge of the subject matter (van Driel et al., 1998). When developing content
knowledge, meaningful, content-rich professional development improves teachers’
content preparation which is a powerful tool for effective teaching (Supovitz & Turner,
2000).
Previous Professional Development Programs
Professional development comes in many forms and at many levels, from
individual teacher development to state-wide initiatives. The focus of the professional
development may vary from developing specific content knowledge to developing
teaching pedagogy techniques, as well as combinations of both content and pedagogy.
Many teachers may pursue continuing education in specific content areas and/or
pedagogy while working towards an advanced degree. Workshops and institutes provide
exposure to new methodology and provide networking and mentoring experiences
(American Association of Physics Teachers, 2009). Research or work experience gives
teachers tools to incorporate real-world applicability into their classrooms.
The American Association of Physics Teachers (AAPT) in conjunction with the
Physics Teaching Resource Agents (PTRA) introduced both the Urban PTRA program
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(2000-2003) and the Rural PTRA program (2003-2008). Urban PTRA focused on high
school physics teachers in large, urban school districts and consisted of weekend
workshops on segmented curriculum topics with no required attendance commitment,
and did not administer assessments (Matsler, 2010). Rural PTRA focused on secondary
physics and physical science teachers with week-long summer institutes and follow-up
sessions during the academic year for three years. The project curricula were coherent
and modeled off of research-supported best practices, and administered assessments to
both participants and students, thus discussion here will focus on the Rural PTRA.
The Rural PTRA program spanned across 11 U.S. universities all of which had
trained PTRA leaders, and each site could invite up to 25 teachers (Matsler, 2010). Over
the three years the program goal was to provide at least 108 instructional hours, in
accordance with the No Child Left Behind act requirements for professional
development, and to have the greatest impact on the participants and consequently their
students. Participant impact included slight increases in the teachers’ physics content
understanding and significant increases in confidence level in both physics content and
pedagogy of the teacher participants. Self-reported surveys indicated changes in
classroom practices including incorporation of technology and shifts from teachercentered to more student-centered classrooms featuring active student engagement.
Broader impacts of the program included changes in participant classroom practices
resulting in documented increases in student achievement, increased student interest in
science, as well as systemic teacher preparation reform at the university level (Matsler,
2010).
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From 2002 to 2003, the University of Northern Iowa (UNI) Physics and Science
Education faculty conducted the UNI Physics Institute, a professional development
program for secondary physics teachers (Escalada & Moeller, 2006). The 21 participants
received interactive instruction in both physics content and pedagogical methods and
completion of the program provided the necessary course requirements to attain a 7-12
physics teaching endorsement in the state of Iowa. The program consisted of two 4-week
summer sessions and seminars during the academic year via communications network.
The teaching methods focused on interactive engagement and learning cycle instruction.
Pre- and post-test data was collected from both the participants and their students
to measure conceptual understanding. Analysis of results showed the impact of the
participants’ successful application of the program’s interactive methods. The highest
impact was from participants that scored at mastery levels on the conceptual assessments,
indicating that the program was most appropriate for those with physics and/or
mathematic backgrounds (Escalada & Moeller, 2006).
Characteristics of Effective Professional Development
The ultimate goal of any professional development is effective implementation of
the learning incurred during a program. A teacher may learn a great deal and exhibit
gains in content knowledge and understanding of effective pedagogy, but if these skills
aren’t transferred into the classroom the professional development cannot be deemed
effective.
When developing in-service teachers’ content knowledge, the teachers must
concurrently play the role of educator as well as student. The methods that are most
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effective at increasing teacher understanding should in turn be applicable in the teacher’s
classroom. Likewise, just as a goal for students is the ability to transfer knowledge to
application, a goal for professional development is to transfer philosophy to practice.
These goals can be accomplished using the same basic principles of utilizing active
engagement, incorporating personal experience and knowledge, and addressing
misconceptions to align conceptual understanding (Radford, 1998). The National Science
Teachers Association (2013) recommends that science teachers experience inquiry as part
of their professional development and that they themselves develop questioning strategies
that will foster inquiry in their classrooms.
The Iowa Professional Development Model (IPDM) provides guidance and
requirements for professional development programs, including rubrics which specify
effective components within the various dimensions of a professional development
program. The IPDM recommends that the design of any professional development should
include research-based rationale for the strategies that are implemented, and that a
program provides adequate time for teacher training that also extends through the school
year (Iowa DoE, 2013). The IPDM advises that training be continuous with multiple
opportunities to collaborate with other teachers to practice the newly learned content and
pedagogy. Professional development programs funded with Title II grants in the state of
Iowa are required to incorporate the Iowa Professional Development Model (Iowa DoE,
2012c).
Research on the distribution of professional development has shown that long term
in-service teacher education distributed throughout the academic year is more effective
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than single events (Kennedy, 1998). Horizon Research, Inc. recommended a minimum of
80 hours in order to change classroom practice, and the AAPT/PTRA suggests
professional development should be sustained for 80-100 hours and spread out over the
course of several months or years to allow for implementation and modification of
classroom practice (Matsler, 2010).
Multiple studies describe a necessary characteristic of a successful professional
development is that science content and teaching methods be integrated and team taught
by scientists, science educator, and classroom educators (Radford, 1998). Many teachers
may experience a lack of confidence and/or cognitive dissonance while developing their
skills, and instructor support can provide essential support over time throughout the
classroom restructuring process.
Reformed Physics Teaching Methods
In an effort to improve the nation’s education system there has been a broad
change in the framework of what constitutes high-quality teaching. In general this trend is
moving away from traditional teaching methodologies involving the direct delivery of
information to students, towards practices rooted in the constructivist philosophy that
knowledge must be constructed by the learner. Many “buzz-words” circulate through the
science education community to describe this constructivist philosophy, including
reformed, inquiry-based, activity based, student-centered and interactive engagement
teaching methods (National Institutes of Health, n.d.). Regardless of the label, this
reformed model of teaching places the students in the classrooms as active participants in
the learning process. Within science education, reformed teaching emphasizes the
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scientific process and encourages students to think logically and create experiments.
Science is an investigative process, and reformed science teaching through inquiry is
intended to reflect this process (National Science Teachers Association, 2013). The
National Science Teachers Association recommends that science teachers utilize an
inquiry-based curriculum that causes students to question, explore and raise questions,
identifying the learning cycle as one possible effective strategy.
The Learning Cycle
The learning cycle structure of teaching and learning is structured to guide
students towards questions and a desire to understand, followed by methods that ideally
allow the students to discover answers to their questions. Research dating back to the
early 20th Century identified the importance of allowing students the opportunity to
discover relationships from their own experiences, followed by the explanation of ideas
related to the student’s initial discoveries, and finally a demonstration of understanding
through application (Bybee et al., 2006). These components make up the core structure of
a learning cycle, and though there is a variety of learning cycle versions with varying
stages, they all fundamentally share these similar aspects.
In the initial stage of the three-stage learning cycle, Exploration, students explore
a new concept or situation (Lawson, Abraham & Renner, 1989) and the activity should be
as student-guided as possible. The new experiences ideally lead the students to questions,
recognition of patterns, and/or observation of phenomena that typically goes against their
current thinking. This stage can be an experiment where data is collected or an
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observation of an event, and done individually, in small groups or even as an entire class
(Maier & Marek, 2006).
In the second stage, Explanation or Concept Development, data is analyzed and
interpreted, and/or the teacher addresses the questions developed or patterns recognized
by associating terms with concepts (Maier & Marek, 2006). The Explanation activity
should relate directly to the Exploration stage (Lawson et al., 1989). Explanation may be
done directly by the teacher or can be done via class discussion, with students identifying
and/or answering their own questions as much as possible prior to teacher explanation.
The last phase (when using a three-stage cycle) is referred to as Elaboration,
Application, or Concept Application, where students apply the new concept to a different
context or scenario, and can also serve as assessment and/or a lead in to the next learning
cycle (Maier & Marek, 2006). It is often essential for students to extend application past
the initial scenario in order to move on from previous misconceptions or prevent learning
from being isolated to only the initial example (Lawson et al., 1989).
The five-stage learning cycle, or 5E model, parallels the three-stage cycle at its
core, but is expanded to include an engagement phase prior to exploration, and an
evaluation stage following elaboration. The initial engagement phase is intended to
connect the student’s prior knowledge to the new concept, and the final evaluation phase
assesses student understanding (Bybee et al., 2006)
An important aspect of the learning cycle is the development of science
reasoning, a crucial skill in terms of transferring learned ideas to extended applications.
Building upon Piaget’s cognitive development theory, Robert Karplus applied previous
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research on student reasoning patterns specifically to science teaching (Karplus & Butts,
1977). Karplus recognized that an effective learning cycle allows teachers to identify,
develop and assess student’s reasoning patterns, guided by indicators explored by the
teacher throughout the learning cycle.
Many science curricula effectively utilize the learning cycles, and within the field
of physics one such example is PRISMS PLUS which consists of 44 complete learning
cycles in four unit books covering Force and Motion, Work and Energy, Waves and
Optics and Electricity, and Modern Physics (Cooney et al., 2008). The materials are the
second generation of Physics Resources and Instructional Strategies for Motivating
Students (PRISMS) which began in 1987 as a collection of approximately 130 engaging
activities and respective teacher notes intended to span a year of high school physics
curriculum. PRISMS PLUS employs an enhanced learning cycle structure, embracing the
constructivist model of learning with activities focused on the development of scientific
reasoning, scientific inquiry and conceptual understanding. The PRISMS PLUS curricula
is used extensively in professional development programs and is commonly used as a
supplemental resource in high school physics classrooms.
Modeling Instruction
Much of the reformed teaching movement centers around preventing hollow
learning, where students garner just enough information to regurgitate on a test. Even
active classrooms can lack truly meaningful learning, with students completing the
motions but without truly grasping understanding. In order to help students develop a
coherent and systemic understanding of physics many teachers are adopting the modeling
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method of teaching physics (Wells et al., 1995). Wells et al. describe the modeling
approach as one that surrounds a small number of basic models that describe patterns that
appear throughout physics phenomena. The “model” is a conceptual representation of
physics phenomena and the modeling method provides an alternative to the mindset that
the student is supposed to find an answer as associated with traditional “plug and chug”
problems. Rather the model is a solution and physics problems can be solved by adapting
a known model. Modeling is intended to imitate the scientific process, focusing student
attention on understanding rather than accumulating fragments of information (Wells et
al., 1995).
Documented success supports the modeling method of instruction, which engages
the learner in their understanding of the physical world by constructing and using
scientific models (Hestenes, 1996). Instruction can be organized into modeling cycles to
move the learner through the evaluation and application stages while breaking the models
down into basic patterns (Wells et al., 1995). As students advance through the cycles they
can develop explanations to account for their observations with data and other evidence
to support these explanations that would otherwise be rooted in abstract
conceptualizations (Windschitl, Thompson, & Braaten, 2008).
Modeling Instruction Workshops occur throughout the United States, often as
three-week summer workshops often arranged via the American Modeling Teachers
Association (AMTA). Modeling is implemented in these workshops as a means of
improving content knowledge of the participants, and also gives the opportunity for the
participants to develop interactive pedagogy skills. The AMTA provides extensive online
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resources, including a complete curriculum repository of Modeling units for physics as
well as chemistry, physical science, and the developing biology Modeling units, all of
which can be accessed by AMTA members (AMTA, n.d.). The units include teacher
notes, worksheets, quizzes, tests, videos, and student readings to support the activities.
The website also acts as a hub for external weblogs and forums, fostering an active
community of collaboration among teachers utilizing Modeling instruction.
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CHAPTER 3
METHODOLOGY
Research Questions
The principle objective of almost any professional development program is to
improve the teaching quality of its participants, and many aspects contribute to becoming
a high-quality physics teacher. This study aims to determine if the structure and methods
of the Iowa Physics Teacher Instruction and Resources (IPTIR) professional development
program attained this principle objective by investigating the following:
1. What changes occur throughout the professional development program in
regards to participant content knowledge?
2. Did the participants modify their teaching pedagogy in alignment with today’s
research-based instructional methods?
3. To what degree, if any, did changes in teacher content knowledge and/or
pedagogy affect the classroom performance of the participants’ students?
The Iowa Physics Teacher
Instruction and Resources (IPTIR) Program
The Iowa Physics Teacher Instruction and Resources (IPTIR) program was
developed to prepare more high-quality high school physics teachers for Iowa schools
and to improve the performance of their students by broadening teacher content
knowledge and pedagogy to align with the latest research-based instructional methods
and national/state science education initiatives. IPTIR provided a way for Iowa science
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teachers seeking a physics teaching endorsement to not only gain conceptual physics
knowledge, but also acquire the skills for effective instruction of these concepts
(Escalada et al., 2010).
Program Overview
The purpose of the IPTIR program was to address the critical shortage of qualified
high school physics teachers by preparing more high-quality high school physics teachers
for Iowa schools (Escalada et al., 2010). It was a three-year professional development
program funded by the Board of Regents, State of Iowa and Title A of the No Child Left
Behind Act, and a collaboration with University of Northern Iowa (UNI) Physics
Education faculty, UNI Science Education faculty, master teachers, Area Education
Agencies, and participating school districts.
From 2009 to 2012, the IPTIR program targeted a cohort of both existing high
school physics teachers as well as secondary science teachers working towards the
requirements necessary for the State of Iowa grades 5-12 physics teaching endorsement.
The three-year program included two-week summer institutes each of the three summers
as well as two Saturday meetings and two regional conferences during the academic
years. Continual feedback and collaboration between the program faculty and
participating teachers extended through the academic years. Participants were awarded
three graduate credits for each summer and two graduate credits for each academic year
of the program they completed. This allowed for participants to receive up to 15 graduate
credits via the University of Northern Iowa, fulfilling the State of Iowa requirements for a
grades 5-12 physics teaching endorsement.
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The program focused on providing physics pedagogical content knowledge via
modeling and other interactive engagement methods, including Physics Resources and
Instructional Strategies for Motivating Students (PRISMS) PLUS (Cooney et al., 2008)
and Modeling Instruction (Hestenes, 1987). The IPTIR program included two-week
institutes each of the three summers, consisting of intense training on physics concepts.
These summer institutes were followed by further professional development and support
throughout the academic year.
The objectives of the IPTIR program, in alignment with the recommendations of
national/state science education initiatives and physics education research, were as
follows:
1. Prepare more high-quality secondary physics teachers that are knowledgeable
in both physics content and pedagogy for Iowa schools;
2. Enhance the instructional practices of participating teachers consistent with
national/state science education initiatives;
3. Improve the achievement of the participants’ students in conceptual
understanding of basic physics ideas and proficiency in science reasoning, and
problem solving;
4. Expand the number of model high school physics classrooms that would
provide positive learning environments for high school students as well as
contribute to building the next generation of secondary science teaching
majors as they complete their field teaching experiences and student teaching
required for their professional education.
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Program Evaluation Overview
To evaluate the effectiveness of the IPTIR program, data collection was performed
using a mixed method technique with a variety of assessment measures. Figure 1 outlines
the project logic model designed by the IPTIR program developers.

Figure 1. IPTIR Logic Model and Assessment Plan. Reprinted with permission from the
IPTIR Project Annual Report by Larry Escalada, Jeff Morgan & Jody Stone, 2010.
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The project model guided assessment throughout the length of the program and
provided diagnostic, formative and summative assessment data as well as qualitative
feedback in both short and long term context from the participants. As seen in Figure 1,
assessment included daily feedback, multiple pre and post conceptual assessment tests for
participants and their students, pre- and post-surveys of classroom practices, video as
well as direct observation and evaluation of participant teaching, self-reflection journals,
and finally participant evaluations of the Saturday sessions, summer institutes, and
overall program.
All assessments, evaluations and surveys were identical at each administration to
allow for comparison over time with the exception of a small number of questions on the
final overall evaluation to address not only the past year but the entire length of program.
Participants
A total of 35 high school science teachers participated in the 2009-2012 IPTIR
program. Participant information was collected primarily via the IPTIR Participant
Application collected from each participant prior to the summer session each year. The
application was the same for each year of the program, and provided information such as:


basic contact information;



basic school information;



number of years teaching as well as number of years teaching physics



approximate number of students per class and number of students in school



community population;



status of the acquisition of their Iowa physics teaching endorsement.
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Participating teachers had a range of physics teaching experience, with some
starting the program with over a decade of physics teaching experience, while other
participants had no physics endorsement or experience teaching physics when starting the
program. Participants were from throughout the state of Iowa, representing all 9 of
Iowa’s Area Education Agencies, 30 public and 3 private schools.

Figure 2: Location of IPTIR participant schools.

A breakdown of the participants by years is as follows:
Year 1 participants: Twenty-four participants were selected from a pool of 48
applicants based on a number of criteria including physics teaching assignments, progress
towards an Iowa physics teaching endorsement, availability of classroom resources,
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public vs. private school, location in the state, and district high-need status. Selected
participants represented 22 public schools, 2 private schools, and 6 high needs schools.
Year 2 participants: Twenty-three of the 24 Year 1 participants reapplied and
were selected for Year 2 of the IPTIR program. Additional funding made it possible to
select 7 new participants to Year 2 of the program, resulting in 31 participants from all
over the state of Iowa with all 9 Area Education Agencies (AEAs) represented.
Year 3 participants: Twenty-eight teachers from rural and metropolitan
communities all over the state of Iowa participated in the final year of the project.
Additional Title II funds were obtained to keep the teachers added in Year 2 in Year 3.
Unfortunately, 6 teachers could not participate in Year 3 since they no longer met the
requirements of the IPTIR program in that they did not have a physics teaching
assignment. The Year 3 teachers represented 27 public schools, 4 private schools, and 5
high needs schools. All 9 AEAs were represented in the third year of the program. The
Year 3 participants were similar to those of Year 1 and 2 in regard to the subjects and
grade levels they were teaching as well as teaching background.
Over the course of the three-year program, 20 high-need schools were represented,
defined as having at least 30% of K-12 students eligible for free and reduced lunch based
on total Title V enrollment (Iowa DoE, 2012a). Refer to Appendix A for additional
participant and school information, though to ensure participant privacy no directly
identifying information is provided.
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An overview of the participant profile is shown in Tables 1 and 2, Table 1
outlining the total number of participants in the program each year and Table 2 outlining
participation based on number of years participated in the program.

Table 1
IPTIR Participant Profile by Year
Number of
new participants

Number of
returning participants

Year Total

Year 1
Summer 2009 to May 2010

24

NA

24

Year 2
Summer 2010 to May 2011

8

23

31

Year 3
Summer 2011 to May 2012

3

25

28

Table 2
IPTIR Participant Profile by Number of Years of Participation
Single Year Participants 2009-10: 1 2010-11: 1

2011-12: 3

Total: 5

Two Year Participants 2009-10 & 2010-11: 5 2010-11 & 2011-12: 7
Three Year Participants 2009-2010, 2010-2011, & 2011-2012

Total: 12
Total: 18

Total Cohort: 35

Evaluation Activities
Evaluation of the program utilized both formative and summative evaluation data
and a combination of quantitative and qualitative methods. IPTIR faculty used formative
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assessment to continually adjust instruction throughout all three years of the program,
and summative assessment to determine successful application of interactive engagement
instructional methods, as evident by normalized gains on conceptual assessment tests and
self-reported increases in content knowledge.
Conceptual Assessments
All participants were administered three conceptual assessment pretests during the
first days of the summer 2009 session and again as post-tests at the end of the session.
These tests were the Force Concept Inventory (Hestenes et al., 1992), the Test of
Understanding Graphs - Kinematics (Beichner, 1994) and the Classroom Test of
Scientific Reasoning (Lawson, 1978). The program used conceptual assessments as a
diagnostic tool for teachers and students, as well as a test of evaluating effectiveness of
instruction. Participating teachers were required to administer the same three conceptual
and scientific reasoning tests listed above to their students. These tests were given as pretests and post-tests to students in their physics and physical science courses during each
academic year for the duration of their involvement in IPTIR. New participants who
were added to the program in Years 2 and 3 were administered the three conceptual
assessments on the first days of their participating year.
Force Concept Inventory. The Force Concept Inventory (FCI) is based on the
belief that without comprehension of basic Newtonian concepts, any further instruction
on force and motion will not be comprehended. The test authors (Hestenes et al., 1992)
structured the questions so as to present a choice between Newtonian concepts and
common alternative conceptions. The test is widely used by physics instructors to
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identify student misconceptions, and results are strikingly comparable among similar
physics courses in both secondary and post-secondary classes (Huffman & Heller, 1995).
Because reasoning is a key component of the test, something which “teaching to the test”
will not necessarily improve, the FCI is valuable as a measure of teaching effectiveness
(Hestenes et al., 1992).
The structure of the test is 30 multiple-choice questions covering the six major
Newtonian concepts: (1) Kinematics, (2) Newton’s First, (3) Second, and (4) Third Laws,
(5) Superposition and (6) Kinds of Force (Hestenes et al., 1992). The questions are
conceptual in nature, targeting the core ideas behind Newtonian concepts, and do not
assess the use of equations or calculations. A sample problem is provided in Figure 3.

Figure 3. Sample question from the Force Concept Inventory.
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The FCI design minimizes the common problem with multiple-choice tests of
false positives, where the correct, Newtonian response was chosen for incorrect reasons
(Hestenes & Halloun, 1995). Incorrect responses on the FCI are structured to present
common alternative conceptions that are often falsely grounded in everyday experiences.
Hestenes et al. (1992) provided a taxonomy of common misconceptions associated with
incorrect answers on the assessment, which give insight into the overall errors in thinking
a student may possess.
The test was initially validated by the authors with over 1500 high school and
over 500 university students at its inception in 1992. Follow-up interviews were also
performed with students to support the test’s validity. Today the test is considered one of
the most consistently reliable tools for physics instructors to test for understanding of
mechanics concepts (Huffman & Heller, 1995).
Hake (1998) performed a survey on interactive-engagement versus traditional
teaching methods, utilizing FCI pre- and post- test results from 62 introductory physics
courses (n=6542), 14 of which were identified as implementing traditional teaching
methods, and 48 implementing interactive engagement methods. Hake established a
normalized gain (g) in pre- to post-test score as “high-g” as those with g ≥ 0.70,
“medium-g” as 0.7  g ≥ 0.3, and “low-g” as g  0.3. This important study not only
provided evidence of the effectiveness of interactive engagement methods, but also
established standard measures of FCI gains that are indicative of effective teaching
methods (Coletta & Phillips, 2005).
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Test of Understanding Graphs in Kinematics. The Test of Understanding Graphs
in Kinematics (TUG-K) is a 21-question multiple-choice test developed to uncover and
address difficulties students often have interpreting kinematic graphs to understand the
relationships between position, velocity, and acceleration. Graphs are an important tool
in science, and used often in physics to summarize and draw conclusions from what can
be a large amount of data (Beichner, 1994). Meltzer’s study on the role of multiple
representations in physics (2005) outlines the well-researched issue that learning
difficulties and inability to master physics concepts is often due to difficulties with
graphical representations. Similar to the FCI, the test is written so a choice is forced
between the correct analysis and a common misinterpretation. A sample problem is
provided in Figure 4.

Figure 4. Sample question from the Test of Understanding Graphs – Kinematics.
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The TUG-K has established validity and statistical reliability via various means,
including high point-biserial coefficients, which measures how often questions answered
correctly are indicative of understanding. A point-biserial coefficient greater than 0.20 is
desired, and the TUG-K rated at an average coefficient of 0.74 (Beichner, 1994).
Classroom Test of Scientific Reasoning. As the name suggests, the Classroom
Test of Scientific Reasoning (Lawson Test) assesses scientific reasoning skills (Lawson,
1978). The test addresses multiple dimensions in the realm of science, such as
conservation of matter/volume, control of variables, deductive and inductive reasoning,
proportionality and probability reasoning. The Lawson Test has 24 multiple-choice
questions that are paired in terms of reasoning skills but can be scored independently.
Because inquiry based teaching fosters the process of scientific thinking, this test can
give insight into effective teaching independent of the specific topic being instructed. A
sample question pair is provided in Figure 5.

Figure 5. Sample questions from Classroom Test of Scientific Reasoning.
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Pedagogical Assessment
Teacher Survey of Classroom Practice. To determine if the participants
experienced a change in their teaching pedagogy, the Teacher Survey of Classroom
Practices (Escalada & Stone, 2009) was administered to participants on the first day of
the program and at the end of each academic year (May 2010, May 2011 and May 2012).
The 91-item, self-reported survey classifies teaching and learning behaviors in terms of
characteristics of teacher-centered, traditional classrooms and those which are
characteristics of student-centered, interactive classrooms. Thirty-seven items on the test
are associated with a more student-centered classroom, and analysis of changes in
participants’ scores throughout the program may be indicative of changes in their
pedagogical practices.
Current research on best practice has set a goal to foster increasingly studentcentered and activity based classrooms, which is consistent with IPTIR modeling of
instruction and program goals. Evidence of this is a decrease in the amount of direct
teaching in which the teacher presents and reviews concepts through traditional
“lecturing” and where student learning is strongly tied to use of the textbook.
Characteristics of student-centered classrooms in which teaching for understanding is
emphasized include student reflection and discussion, engaging laboratory experiences
requiring problem solving, students as decision-makers, and authentic learning
experiences.
Reformed Teaching Observation Protocol. The current movement towards
inquiry-based education created a need to define the aspects of reformed teaching, as well
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as a method to quantify the progression of this reform. Reformed teaching is rooted in the
constructivist theory of learning, and therefore draws upon previous knowledge and uses
interactive engagement methods to develop conceptual understanding. To define and
assess these aspects of reformed teaching, the Reformed Teaching Observation Protocol
(RTOP; Sawada et al., 2000) was developed to quantitatively analyze a classroom’s
reformed activities (Piburn & Sawada, n.d.).
Participating teachers were asked to videotape one lesson showcasing their
classroom instruction during each semester of participation in the IPTIR program. In
years 2 and 3 the participants were provided with video cameras that allowed the video
captured to be reviewed from a more standardized format. These videos were then
reviewed by IPTIR faculty and staff utilizing the RTOP assessment tool.
The 100-point RTOP is an observational instrument is broken down into five 20point categories: Lesson Design and Implementation, Propositional Knowledge
(Content), Procedural Knowledge (Inquiry), Communicative Interactions, and
Student/Teacher Relationships. Each category contains five questions scored on a fivepoint Likert scale, with a total possible score ranging from 0 to 100 points. Higher scores
reflect a greater degree of reform that is consistent with interactive engagement or
student-centered techniques. Any RTOP score greater than 50 indicates considerable
presence of “reformed teaching” in a lesson (MacIsaac & Falconer, 2002). The
instrument is used to assess a videotaped recording of a typical classroom lesson of the
teacher being evaluated. Evaluators are provided a training guide which provides
clarification for each RTOP item that a score is assigned on a scale from 0 to 4 (Sawada
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& Piburn, 2000). The IPTIR faculty and staff used an established RTOP scoring form to
score each video. An example from the RTOP scoring form is shown in Figure 6.

Figure 6. Sample from the Reformed Teaching Observation Protocol scoring form.

The nature of the tool does present limitations that should be taken into account.
While useful for assessing elements of the videotaped lesson, each scoring event deals
with only one class, which may or may not be indicative of a “typical” class period. The
single class aspect also leads to inconsistencies comparing scores among a population of
teachers or change over time of an individual teacher. Unless the same lesson is being
executed in all videos, it is difficult to isolate differences between the teachers versus
differences within the nature of the lessons. Additionally, variability within the
perceptions of the scorers can be problematic due to the test’s interpretive nature.
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Inter-rater reliability was established by Sawada and Piburn (2000) using an
evaluating team which reviewed tapes using the RTOP. The judgments of the reviewers
were discussed, and the interpretations developed during this process were compiled into
the RTOP training guide to increase evaluator reliability. A sample from the RTOP
training guide is provided in Figure 7. The RTOP has shown to be a valuable tool in
assessing inquiry based pedagogical skills and has been used in previous studies to
provide empirical data showing a correlation between content knowledge and the degree
a teacher utilizes the reform method of teaching (Park, Jang, Chen & Jung, 2010).

Figure 7. Sample from the Reformed Teaching Observation Protocol training guide.

All IPTIR faculty and staff underwent RTOP training to ensure validity in scoring
the videotapes. Faculty and staff individually watched and assessed two different videos
of a university faculty member teaching a physics class. After watching and scoring each
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video, the faculty and staff would meet and share their evaluations, comparing them with
completed scoring forms for each video provided with the RTOP training guide. The
training videos included both traditional and reformed instruction to provide practice
evaluating teaching from both ends of the pedagogical spectrum. The evaluator training
was executed with the intent of arriving at a consensus on the interpretations of specific
teaching indicators and how to score consistently.
Program Evaluation
To determine if the program was meeting the needs of the participants, IPITR
faculty gathered feedback from the participants using a program evaluation survey daily
during the summer sessions, after each Saturday session, and the end of each academic
year.
During the summer sessions, daily feedback was used to continually adjust
instruction throughout all three summers of the IPTIR program. The daily feedback
evaluation tool asked participants to indicate whether each portion of the day was helpful,
if participant needed more time to understand the ideas presented, needed more practice,
needed more examples or if already know most of what was covered. The form also
included a comment portion for the participants to elaborate on their indicated ratings.
These forms were completed at the end of each day, and the previous day’s feedback was
reviewed on a daily basis by IPTIR faculty at morning meetings. Instruction was then
adjusted to address concerns and questions raised by participants on their daily feedback
forms.
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At the conclusion of the summer session program participants evaluated their
overall summer workshop experience. In addition to providing insight into structuring the
subsequent summer workshops, in summative terms this data provides evidence of the
success of IPTIR in addressing the needs of the IPTIR participants.
Participant feedback surveys were collected at the end of each academic year
Saturday session during all three years of the project. The tool had the same format as
the Daily Feedback form, and participant responses were used in planning upcoming
sessions and subsequent summer session.
In May of each academic year participants were asked to complete an IPTIR
Project Evaluation, designed by the program developers, which provided participant
feedback on the program as a whole. This evaluation included questions addressing the
teachers’ perception of the effectiveness of the overall design and activities of the IPTIR
program.
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CHAPTER 4
RESULTS
To determine the degree to which the structure and methods of the Iowa Physics
Teacher Instruction and Resources (IPTIR) program attained its principle objective of
improving the teaching quality of its participants, data was collected throughout the
duration of the IPTIR program from multiple sources. Changes in participant content
knowledge were analyzed using conceptual pre- and post-test scores, as well as selfreported changes in physics knowledge. Changes in participant pedagogy were analyzed
using self-reported Teaching Survey of Classroom Practices, and these results are
supported by the faculty-assessed Reformed Teaching Observation Protocol (RTOP).
Conceptual assessments completed by students in the participants’ classrooms were
analyzed as evidence of an improvement in the participants’ quality of physics teaching.
In order to isolate the impact of the full three-year program, only data from
participants that participated in all three years of the program (n=17) was used in
analysis, unless indicated otherwise. Normalized gain was calculated from averages of
the pre- and post-test scores for the conceptual assessments of both the three-year
participants and their students. Normalized gain is considered a meaningful measure of
how well the program increased participant content knowledge (Coletta & Phillips,
2005). The Normalized gain, G, is a measure of the change in score from pretest to
posttest, divided by the maximum possible increase based on the pretest score.
%
100

%
%
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Changes in teaching pedagogy were based on calculated change of the Likert scale
responses from the pre- to post-survey results, and average changes in RTOP scores.
Correlations were investigated to further isolate any contributing factors which
may have affected teacher content knowledge, teacher pedagogy, and student content
knowledge, as well as any correlations among these three indicators. Correlation was
determined using a Pearson product-moment correlation coefficient, with significance
determined using a two-tailed t-test.
Changes in Participant Content Knowledge
Participant Conceptual Assessments
All participants were administered three conceptual assessments, the Force
Concept Inventory (FCI), Test of Understanding Graphs- Kinetics (TUG-K), and
Classroom Test of Scientific Reasoning (Lawson Test), as pre-tests during the first days
of the summer 2009 session and again at the end of the summer 2009 session. Pre- and
post-test scores of those who participated in the entire program were averaged and the
average gain for each conceptual assessment was calculated (Table 3).

Table 3
Three-year Teacher Participant Conceptual Assessment Average Scores and Gains
Pre-test

Post-test

Average Gain

STD DEV

FCI

56.9%

69.8%

0.30

0.22

TUG-K

51.5%

73.7%

0.46

0.21

Lawson Test

81.9%

81.4%

0.01*

0.40

Note: *Because the Lawson Test scores decreased from pre- to post-test, normalized
change was calculated from maximum possible decrease (Marx & Cummings, 2007).
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Self-Reported Content Knowledge
The participant’s self-reported outcomes of changes in content knowledge were
provided via the End of Year Program Evaluations. At the conclusion of the program, the
entire cohort of participants indicated they “strongly agree” or “agree” that their
participation in the IPTIR program resulted in increased awareness or updating of
knowledge of physics/physical science concepts and pedagogy related to the courses
taught or plan to teach. Table 4 lists the average self-reported scores from the entire
IPTIR cohort of questions pertaining specifically to conceptual gains. While the increases
are not statistically significant, the responses demonstrate the participants consistently
perceived gains in content knowledge and conceptual understanding/learning throughout
the three years of the program.

Table 4
Participant Evaluation Scores Pertaining to Gains in Conceptual Knowledge
Year 1
(n=19)

Year 2
(n=31)

Year 3
(n=22)

Avg
STD
DEV

The overall design and activities:
16. Provided opportunities that result in
gaining knowledge about physics content
and pedagogy.

4.60

4.63

4.79

0.46

My participation in this program has led to:
43. Increased awareness or updating of my
knowledge of physics/physical science
concepts and pedagogy related to the
courses I teach or plan to teach.

4.74

4.77

4.79

0.45

Note: Likert scale responses ranged from 1 (strongly disagree) to 5 (strongly agree).
Avg STD DEV = Average of the Standard Deviations of responses for each year.
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Changes in Participant Pedagogy
The Teacher Survey of Classroom Practices (TSCP) provided evidence of
changes in participants’ teaching pedagogy. This instrument was administered as a pretest on the first day of the IPTIR summer institute in Year 1 (2009) and again in May of
2010, May of 2011, and in May of 2012. Analysis of this 91-item survey classified
teaching and learning behaviors in terms of teaching strategies characteristic of
traditional, teacher centered classrooms and those which are characteristic of interactive,
student-centered classrooms. Current research on best practice sets the goal of
increasingly student- centered and activity based classrooms, which is consistent with
IPTIR modeling of instruction and program goals.
Evidence of shifts towards research-based methods is a decrease in the amount of
direct teaching in which the teacher presents and reviews concepts through traditional
“lecturing” and student learning is strongly tied to use of the textbook. A decrease in
teacher-centered characteristics is ideally paired with an increase in characteristics of
student-centered classrooms in which teaching for understanding is emphasized,
including student reflection and discussion, problem solving, students as decisionmakers, and interactive engagement methods.
Select items were identified on the TSCP as strong indicators of a teachercentered classroom (11 items) and others as indicators of a more student-centered
classroom (26 items). Individual changes in pre- to post-survey responses were
calculated, and average cohort changes were calculated based on these individual
changes. Participants’ average responses to the teacher-centered items decreased from
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pre- to post-test assessments, and average responses to the student centered items
increased from pre- to post-test. A sample of the total average participant change in the
frequency of teacher-centered and student-centered characteristics is provided in Tables 5
and 6.

Table 5
Select Items Representing Characteristic of Teacher-Centered Classrooms
PreTest

Year 1
Post

Year 2
Post

Year 3
Post
(n=14)

Avg
Total
Change

Avg
STD
DEV

(n=17)

(n=16)

(n=17)

22. Answer questions and/or
solve problems from a
textbook or worksheet.

4.35

3.44

3.59

3.69

-0.66

0.74

38. Listen to the teacher
explain something about
physics.

3.18

2.00

2.18

2.54

-0.64

0.76

39. Read about physics from
a textbook

2.29

1.31

1.59

1.77

-0.52

0.89

46. Students followed stepby-step instructions.

1.88

1.44

1.35

1.38

-0.50

0.46

Note: Likert scale responses range from 1 (Never) to 5 (3-5 times per week).
Avg STD DEV = Average of the Standard Deviations of responses for each year.
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Table 6
Select Items Representing Characteristic of Student-Centered Classrooms
PreTest
(n=17)

Year 1
Post
(n=16)

Year 2
Post
(n=17)

Year 3
Post
(n=14)

Avg
Total
Change

Avg
STD
DEV

16. Students reflect on their own
learning.

2.18

3.07

3.00

3.57

+1.39

1.23

18. Work in pairs or small
groups.

4.35

4.50

4.65

4.79

+0.44

0.68

27. Take part in group or class
discussion.

3.82

4.44

4.24

4.36

+0.52

0.81

28. Change something in an
experiment to see its effects.

2.71

3.38

3.53

3.36

+0.65

0.82

29. Design experiments.

2.00

3.19

3.06

3.00

+1.00

0.73

2.12

2.94

2.76

3.00

+0.88

1.13

2.18

3.06

3.18

3.21

+1.03

1.13

34. Choose a method for
expressing an idea to the
class.
35. Revise and improve
student’s own work.

Note: Likert scale responses range from 1 (Never) to 5 (3-5 times per week).
Avg STD DEV = Average of the Standard Deviations of responses for each year.

A broad analysis of changes in participant teaching pedagogy over the three years
of the program is shown in Table 7. Responses of participants of all three years were
averaged for all student -centered measures (26 items) as well as all teacher centered
measures (11 items). Participants continued to change in a positive direction with each
additional year, overall decreasing in teacher-centered practices and increasing in
student-centered.
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Table 7
Average Frequencies and Changes in Participant Teaching Pedagogy
Pre-Test
(n=17)

Year 1
Post

Year 2
Post

Year 3
Post

(n=16)

(n=17)

(n=14)

Avg Total
Change

STD
DEV

Student centered
characteristics

2.74

3.30

3.29

3.26

+0.55

0.31

Teacher centered
characteristics

2.81

2.16

2.37

2.40

-0.37

0.45

Note: Likert scale responses range from 1 (Never) to 5 (3-5 times per week).
STD DEV = Standard Deviation of the Average Total Change for each participant.

The self-reported changes in teaching pedagogy are supported by videotape
analysis of one video lesson showcasing participants’ classroom instruction. Participants
were asked to provide a video each semester of participation in the IPTIR program, but
not all participants submitted videos, resulting in a smaller sample size for analysis. The
videotapes were viewed and scored by the IPTIR faculty and staff using the modified
Reformed Teaching Observation Protocol (RTOP; appended).
Average scores of three-year participants who submitted videos started below the
“reformed teaching” indicator of 50 points (MacIsaac & Falconer, 2002), and progressed
steadily throughout the three years of the program, supporting the participant’s selfreported changes in pedagogy. Further analysis shows the greatest improvements were in
procedural knowledge (31.2% increase) and student/ teacher interactions (27.9%
increase), as show in in Table 8.
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Table 8
Average Three-Year Participant RTOP Scores

Average RTOP Total score
(max 100)

Fall
2009
(n=8)

Spring
2010
(n=5)

Spring
2011
(n=12)

Spring
2012
(n=7)

Overall
% Change

STD
DEV

36.2

40.4

58.3

64.2

23.8 %

15.8 %

Individual Category Scores (max 20 points per category)
Lesson Design and
Implementation

6.6

7.7

10.7

12.0

27.2 %

22.5 %

Content: Propositional
Knowledge

8.6

10.4

12.9

14.0

18.2 %

28.4 %

Content: Procedural
Knowledge

4.7

4.1

9.0

10.3

31.2 %

23.7 %

Classroom Culture:
Communicative Interactions

8.0

8.5

11.8

12.5

20.1 %

19.0 %

8.6

9.7

13.9

15.3

27.9 %

17.9 %

Classroom Culture:
Student/Teacher
Relationships

Changes in Participants’ Student Achievement
All IPTIR Participants were asked to administer to their physics/physical science
students the same three conceptual assessments tests taken by the participants, the Force
Concept Inventory (FCI), Test of Understanding Graphs- Kinetics TUG-K), and
Classroom Test of Scientific Reasoning (Lawson Test). Student learning was assessed by
analyzing improvement from pre- to post-test by calculating the average normalized gain,
which is based on how much room for improvement lies in each student’s pretest score.
Table 9 summarizes the average student score for each year as well as average and total
gains.
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Table 9
Average Student Conceptual Assessment Post-Test Scores and Gains
Year 1

FCI

Avg
Score
41.5%
(n=383)

Year 2

Avg
Gain
0.20

Avg
Score
47.7%
(n=596)

Avg
Gain
0.40

Year 3
Avg
Score
48.1%
(n=466)

Avg
Gain
0.40

TUG-K

48.0%
(n=387)

0.34

53.9%
(n=604)

0.37

56.0%
(n=496)

0.40

Lawson Test

67.0%
(n=389)

0.19

65.8%
(n=598)

0.24

71.3%
(n=425)

0.22

Correlations
Correlations were investigated to determine if factors such as general teaching
experience and/or physics-specific teaching experience contributed to the evaluation
results. Additionally, results of the evaluation were compared against each other to
investigate if any program outcomes correlated to each other. A Pearson product-moment
correlation coefficient was calculated to determine the relationship between the variables,
and statistical significance was determined using a two-tailed t-test.
Participant Content Knowledge
Because the FCI and TUG-K directly assess content knowledge, whereas the
Lawson Test assesses scientific reasoning, investigations into content knowledge will be
limited to the FCI and TUG-K results. In the cohort of teacher participants in the program
all three years, there were two teachers that had been teaching physics for more than five
years, with 15 and 19 years of physics teaching experience. Both of these teachers
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performed very well on the conceptual assessments, and with the inclusion of their data
there is a statistically significant correlation between the number of years teaching
physics and both teacher pre-test performance on the FCI (r(15) = 0.684, p < 0.01) and
teacher post-test performance on the FCI (r(15) = 0.660, p < 0.01). Similar correlations
were found between physics teaching experience and teacher pre-test performance on the
TUG-K (r(15) = 0.618, p < 0.01) (Figure 8), as well as teacher post-test performance on
the TUG-K (r(15) = 0.574, p < 0.02) (Figure 9).
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Figure 8. Correlation of teacher conceptual assessment pre-test scores with physics
teaching experience.
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Conceptual Assessment Post‐Test Score
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Figure 9. Correlation of teacher conceptual assessment post-test scores with physics
teaching experience.

Because there are no participants in the full three-year cohort that had between 6
and 15 years of physics teaching experienced, it cannot be determined if the two teachers
with much greater experience are outliers or if they indicate a trend that would continue
as teaching experience increases from six to fifteen years. When analyzing only the
participants that have five or fewer years of physics teaching experience, the correlation
with conceptual assessment performance is no longer significant, as shown in Figure 10
and Figure 11.

Conceptual Assessment Pre‐Test Score
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Figure 10. Correlation of teacher conceptual assessment pre-test scores with physics
teaching experience of participants with five or fewer years of physics teaching
experience.
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Figure 11. Correlation of teacher conceptual assessment post-test scores with physics
teaching experience of participants with five or fewer years of physics teaching
experience.
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In terms of general teaching experience not specific to physics, there were no
significant correlations between teaching experience and participant conceptual
assessment performance. Additionally, no correlations were found between the
normalized gain from pre- to post-test scores and teaching experience.
Few factors appeared to correlated with teacher’ scientific reasoning skills, as
indicated by the Lawson Test post-test student performance and the gain from teacher
pre- to post-test. There were no significant correlations to general teaching experience.
When the two participants with 15 and 19 years of physics teaching experience were
included in the data set, there was a significant correlation with physics teaching
experience and teacher Lawson Test post-test score (r(15) = 0.416, p < 0.1), but as with
the FCI and TUG-K the two data points greatly influenced the correlation. When omitting
the two participants with more than five years of physics teaching experience and
analyzing only the remaining cohort, which contained only teachers with five or fewer
years of physics teaching experience, there was very little to no correlation of physics
teaching experience with teachers science reasoning skills (r(13) = 0.036). Additionally,
no correlations were found between the teachers’ science reasoning performance and the
frequency of the teachers’ student-centered characteristics or the change in frequency of
the teachers’ student-centered characteristics.
Correlations were found among the teachers’ scores from all three conceptual
assessments, as indicated between the Lawson Test and FCI post-test scores (r(15) =
0.573, p < 0.02), the Lawson Test and TUG-K post-test scores (r(15) = 0.523, p < 0.05),
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shown in Figure 12, and between the FCI and TUG-K (r(15) = 0.476, p < 0.10), shown in
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Figure 13.
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Figure 12. Correlation of teacher content knowledge with teacher scientific reasoning.
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Figure 13. Correlation of teacher FCI post-test scores with teacher TUG-K post-test
scores.
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Teaching Pedagogy
Teaching experience did not appear to have an impact on the participants’ initial
teaching characteristics, nor overall change in the self-reported frequency of studentcentered characteristics in their classrooms. There was a statistically significant negative
correlation between physics-specific teaching experience and the pre-test frequency of
teacher-centered characteristics (r(15) = -0.439, p < 0.10), as shown in Figure 14. Degree
of frequency is based on a Likert scale response of 1 (Never) to 5 (3-5 times per week).
The correlation between general teaching experience and the pre-test frequency of
teacher-centered classrooms was also negative, however not statistically significant.
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Figure 14. Correlation of general and content-specific teaching experience with initial
self-reported frequency of teacher-centered characteristics.
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There was a significant correlation between the degree of frequency of teachercentered characteristics at the beginning of the program and the overall change in degree
of frequency of student-centered characteristics (r(17) = 0.414, p < 0.10) as shown in
Figure 15.
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Figure 15. Correlation of the frequency of teacher-centered characteristics at the
beginning of the program with overall change in frequency of student-centered
characteristics.

No significant correlations were found between teaching experience and
frequency of teacher centered practices at the end of the program, nor the total change of
reported frequency. Additional there was not a significant correlation between change in
frequencies of teacher-centered characteristics and student-centered characteristics.
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Student Achievement
While more effective teaching is the penultimate goal of any professional
development program, the ultimate goal is increased student learning. Student learning
was indicated by both average post-test scores as well as average pre- to post-test gains
on the conceptual assessments administered to the students at the beginning and end of
each academic year.
Participants’ post-test performance on the FCI conceptual assessments
significantly correlated with both their student’s post-test FCI scores (r(14) = 0.443,
p < 0.10), as shown in Figure 16, and the student FCI score gains (r(14) = 0.513,
p < 0.05), as shown in Figure 17. Similar correlations were not found with the teachers’
pre-test scores.
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Figure 16. Correlation of average student FCI post-test score with FCI post-test score of
teacher.
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Average Student FCI Gain
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Figure 17. Correlation of average student FCI gain with FCI post-test score of teacher.

Content-specific experience seemed to also be a factor in student performance and
learning. There was a significant correlation between physics teaching experience and the
student FCI pre- to post-test gain (r(14) = 0.492, p < 0.10), as shown in Figure 18. This
similar correlation was not found between general teaching experience and student FCI
pre- to post-test gain. When analyzing the data from only teachers with five or fewer
years of physics teaching experience, the correlation with student FCI gain was still
present though not statistically significant (r(12) = 0.363).
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Average Student FCI Gain
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Figure 18. Correlation of student FCI score gain with physics teaching experience.

Significant correlation was calculated between the participants’ average student
TUG-K post-test scores and the average student FCI post-test scores (r(14) = 0.690,

Average Student FCI Post‐Test Score

p < 0.01), as shown in Figure 19.
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Figure 19. Correlation of student TUG-K Post Test score with student FCI post-test
score.
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Correlation was analyzed between student performance and the average highneeds status of the participant’s schools, with high-needs defined as at least 30% of K-12
students eligible for free and reduced lunch based on total Title V enrollment (Iowa
DoE, 2012d). No significant correlations were found between high-needs status and
student scores or gains on any of the conceptual assessments. Lastly, no significant
correlations were found between student performance and participants’ frequency of
student-centered practices, or the frequency of teacher-centered practices.
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CHAPTER 5
CONCLUSIONS
The objective of the Iowa Physics Teacher Instructional Resources (IPTIR)
program was to prepare more high-quality high school physics teachers for Iowa schools
and consequently improve the classroom performance of their students. The intent of this
study was to determine if this program effectively achieved this objective and to what
degree, as well as to investigate what factors of the program contributed to any successful
outcomes. Findings of the study provide evidence-based recommendations for much
needed future professional development programs to effectively prepare high-quality
high school physics teachers.
Research for this study focused on the evaluation of participant content
knowledge, participant teaching pedagogy, and content knowledge of the participants’
students. Evaluation of the program utilized a combination of qualitative and quantitative
methods related obtaining the program’s objectives. Conceptual assessments were
utilized to determine if the program increased participant content knowledge and
scientific reasoning skills, and conceptual assessments were also used to evaluate
learning of students in the participants’ classrooms. Participants were administered
surveys of classroom practices to provide insight into changes in participants’ teaching
pedagogy, data which was supported by video analysis of classroom practices.
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Findings
With the conclusion of the three-year program, evidence indicates the program
was successful developing the teacher participants’ physics content knowledge and
pedagogy with the focus on the latest research-based instructional methods. The
participant and student conceptual assessment gains, as well as trends in participants’
teaching pedagogy towards increasingly interactive classrooms demonstrate the
successful implementation of the methods utilized in the IPTIR program. Conclusions
provide insight to the previously posed fundamental questions of this study:
1. What changes occur throughout the professional development program in regards
to participant content knowledge?
2. Did the participants modify their teaching pedagogy in alignment with today’s
research-based instructional methods?
3. To what degree, if any, did changes in teacher content knowledge and/or
pedagogy affect the classroom performance of the participants’ students?
Changes in Teacher Participant Content Knowledge
Conceptual assessments indicated successful application of the program’s
interactive engagement instructional methods, evidenced by normalized gains on
conceptual assessment tests and self-reported increases in participant content knowledge.
The normalized gain calculated from the average scores of participants of all three years
of the program for both the Force Concept Inventory (FCI) and Test for Understanding
Graphs- Kinematics (TUG-K) indicates significant improvement in the teacher
participants’ conceptual understanding of physics. The mean pre-test score for the
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teachers’ Classroom Test of Scientific Reasoning (Lawson Test) was much higher than
those of the FCI and TUG-K pre-tests. The Lawson Test had a slight drop in average
score from pre- to post-test, but the change was very minimal with an average drop in
score of only 0.3% and calculated normalized change of 0.01. It can be interpreted that
many science teachers have reasonably strong science reasoning skills, therefore the two
weeks of instruction between pre- and post-test was not enough time to further impact
these skills.
When compared to Hake’s study of interactive-engagement (IE) vs traditional
methods (1998), the average teacher FCI gain of 0.30 would fall under Hake’s definition
of “Medium gain.” Hake’s average gain for a traditional classroom was 0.23  0.04, as
compared to average gain of an IE classroom of 0.48  0.14. IPTIR’s utilization of IE
methods and normalized gain results support Hake’s conclusion that IE methods enhance
problem-solving ability as compared to courses which utilize traditional teaching
methods. Hake considers average gains above 0.30 to indicate successful application of
interactive engagement instructional methods (Hake, 1998), which IPTIR achieved.
Hestenes and Halloun (1995) established an FCI score of 85% as the threshold for
mastery of Newtonian mechanics, and 60% as the threshold for beginning Newtonian
reasoning. Three of the four participants that achieved 85% mastery on the FCI post-test
also scored above 85% on the pre-test, and as such in only one instance did the program
effectively bring a participant from below to above Newtonian mastery. Six of the twelve
participants that achieved 60% mastery scored above 60% on the pre-test as well, with
six participants improving from below to above the threshold of beginning Newtonian
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reasoning. The teacher participants on average did not achieve the 85% threshold for
mastery, but did on average surpass the 60% threshold. It should be noted that these
thresholds established by Hestenes and Halloun were from semester or even year-long
courses, as opposed to two weeks of learning between pre- and post-test for the IPTIR
program. Considering this small window of time, the IPTIR participants experienced
significant increases in conceptual understanding.
Qualitatively, all of the participants surveyed agreed their participation in the
IPTIR program increased awareness or updated knowledge of physics/physical science
concepts and provided additional strategies, approaches and resources for providing highquality instruction in addition to others. Additionally, 100% of the participants surveyed
reported their participation led to increased confidence in their ability to be an effective
physics/physical science teacher.
Correlations between physics teaching experience and performance on the FCI
and TUG-K cannot be definitively stated, because of the participants that completed all
three years of the program only two had greater than 5 years of physics teaching
experience. Within the population of less than 5 years of physics teaching experience,
experience did not have an impact on conceptual assessment pre-test or post-test scores.
The two outliers in terms of physics teaching experience had 15 and 20 years of
experience, and both scored 100% on both the pre-and post-tests on the FCI and TUG-K.
With no participants having between 6 and 15 years of physics teaching experience, it
can be hypothesized that increased teaching experience over 5 years correlates with
higher content knowledge, but this conclusion cannot be drawn from the presented data.
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Correlations among the conceptual assessments are as expected, in that teachers
who performed relatively well on any one of the post-tests generally also performed
relatively well on the other two assessments. This implies the expected connection
between knowledge of Newtonian concepts, the ability to represent knowledge
graphically, and scientific reasoning.
Changes in Teacher Pedagogy
Analysis of the participants’ teaching pedagogy revealed positive changes
consistent with IPTIR’s interactive teaching methods. Participants’ self-reported
classroom practices on average clearly demonstrate a shift away from traditional
pedagogy where information is provided by the teacher, towards practices in which
teaching for understanding is emphasized through engaging, reflective and authentic
learning experiences.
The self-reported changes are supported by standardized videotape analysis of
participants’ reformed teaching practices. Average participant scores of the video
analysis indicated an increasing shift in reformed teaching, consistent with interactive
engagement and student-centered techniques. In particular, participants had the greatest
improvements in indicators related to lesson design and implementation, procedural
knowledge, and student/teacher interactions with 27.2%, 31.2% and 27.9% respective
increases in average scores as assessed by the Reformed Teaching Observation Protocol.
Each of these three categories are driven by the structure of a lesson, whereas the
remaining two indicators, propositional knowledge and communicative interactions, refer
to behaviors inherent to the teacher. Effective lesson design and implementation exhibits
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characteristics such as addressing student misconceptions and providing exploration
experiences (MacIsaac & Falconer, 2002). Effective procedural knowledge is indicated
by lessons that use a variety of representations and scientific reasoning. Effective
student/teacher relationships are indicated by interactive lessons driven by the students
and facilitated by the teacher. The program’s extensive use of PRISMS PLUS learning
cycles and Modeling instruction provided the teachers with lessons that were structured
to maximize each of these three indicators, so it would be expected that these areas would
have the greatest improvements. It can be predicted that both the propositional
knowledge, which refers to knowledge of fundamental physics concepts, and
communicative interactions, involving fostering student discourse, will have a delayed
impact, possibly improving with continued experience with the physics content and
student-centered pedagogy.
No correlations were found between pedagogical shifts and teacher content
knowledge, scientific reasoning skills, general teaching experience or physics teaching
experience. Therefore it can be concluded that the program is capable of effecting
pedagogical shifts towards student-centered techniques for teachers regardless of their
teaching experience or knowledge when starting the program.
There was a slight negative correlation between teaching experience and teachercentered characteristics in the beginning of the program. This can possibly be due to
more inexperienced teachers having less practice and therefore less confidence teaching,
which may lead to a reliance on more traditional methods and focusing on the textbook.
Halim and Meerah’s research (2002) proposed that teachers with low-level content
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knowledge have difficulties forming analogies for instruction, which can often create
student misconceptions. For this reason, newer teachers may find comfort in the more
scripted nature of teacher-centered instruction, and be apprehensive in an atmosphere that
encourages students to ask probing questions. Additionally, data showed that teachers
with higher frequencies of teacher-centered characteristics in the beginning of the
program had greater changes in student-centered characteristics, which is logical in the
sense that there was greater capacity for change towards reformed methods. Teaching
experience did not appear impact pedagogical shifts towards student-centered techniques,
demonstrating that teachers can make pedagogical shifts regardless of experience or
typical classroom practices at the start of the program. The three-year length of the IPTIR
program provided extended opportunities for guidance and mentoring, which may have
attributed to such positive changes regardless of initial teaching pedagogy or experience.
Changes in Student Achievement
Teaching effectiveness of the IPTIR participants was measured by administering
conceptual assessments to their students as pre- and post-tests during the beginning and
end of each academic year of the program. The data show that on average each cohort of
new students had progressively higher post-test scores, and the student gains increased
from year to year for almost all conceptual assessments. These results indicate the
participants’ students are learning more with each year of the program, a strong indicator
that the teacher participants are becoming more effective teachers.
Student conceptual assessment results collected from the IPTIR program support
Hake’s study of interactive-engagement (IE) vs traditional methods (1998), as IPTIR’s
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average FCI student gain in Year 1 was 0.20, which would fall under Hake’s definition of
“low-gain” (g  0.3), and were similar to the average gain of traditional courses in Hake’s
study of 0.23  0.04. In Years 2 and 3, IPTIR’s average student FCI gain was 0.40, which
approaches Hake’s average gain in interactive-engagement courses of 0.48  0.14. The
IPTIR average FCI student gain in Years 2 and 3 falls above Hake’s designation of
medium gain of 0.30, indicating successful application of interactive engagement
instructional methods (Hake, 1998). However it should be noted that no direct
correlations were found between individual teacher pedagogical characteristics and
student post-test scores nor gains on any of the conceptual assessments.
Correlations show that teachers with higher scores on the FCI post-test were more
likely to have students achieve higher scores on their FCI post-test. Physics teaching
experience also appeared to impact student FCI post-test scores as well as overall student
FCI gain. This supports the previous tentative correlation between the teachers’ FCI posttest scores and physics teaching experience.
Student achievement did not correlate with the average high-needs status of the
teacher participants’ schools, with high-needs defined as at least 30% of K-12 students
eligible for free and reduced lunch based on total Title V enrollment (Iowa DoE, 2012d).
Schools of 21 of the 35 participants qualified for high-needs status during at least one
year of the program, but this status did not appear to impact student test scores or gains.
It can be concluded that in terms of impacting student learning, teacher content
knowledge and physics teaching experience appeared to have the largest impact on
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student learning, but there was also an overall trend of increasing student learning as
teacher pedagogy shifted from traditional to increasingly student-centered practices.
Evidence of Success: More High-Quality Physics Teachers
At the outset of the IPTIR program, many of the participants were teaching
physics/physical science without having completed the requirements for the State of Iowa
Grades 5-12 physics teaching endorsement. As a result of this program 20 out of the 21
teachers that started the program without a completed physics teaching endorsement had
acquired this by the end of the program. IPTIR was highly successful in terms of
contributing to the number of high school physics teachers in Iowa, an accomplishment
that is an important step in addressing the critical need for qualified high school physics
teachers in Iowa.
Limitations
Certain aspects of this study limited interpretation of the results, and these
limitations may also serve as suggestions for improvement for further studies.
1. This study focused only on teachers that participated in all three years of the
program, which resulted in poor distribution in regards to participant physics
teaching experience. Connections made between physics teaching experience
are therefore only speculative, as there lacked data from teachers with 6-15
years of physics teaching experience.
2. There was no conceptual assessment data from participants’ students prior to
the program, which would have provided a baseline measure of participant
effectiveness. This lack of data prevented comparison of teacher impact on
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students prior to participating in the program to student impact after the
program.
4. Conceptual assessments were administered to the teachers at the beginning
and end of the first summer’s two-week session, which does not capture the
full change in teacher content knowledge over the three years of the program.
5. Evaluation of teacher pedagogy was either self-reported or via an instrument
that assessed only a single lesson, which does not fully capture a complete
picture of a teacher’s pedagogical methods. As with many qualitative studies,
evaluation of teaching pedagogy was limited by the possibility of bias from
both methods of pedagogical assessment.
Significance and Implications
The results of this study provide evidence of the successful implementation of
reformed, interactive instructional methods in a professional development for high school
physics teachers. The conclusions drawn from this study lead to the following
implications for reformed teaching and professional development:
1. The PRISMS PLUS learning cycles and Modeling Instruction used in the program
led to improved teacher content knowledge, and by learning content in a method
that can then be transferred to the classroom, teaching pedagogy of the
participants also shifted towards more student-centered characteristics. In addition
to the implementation of interactive methods in the program, the teacher
participants’ application of these methods in their classrooms appeared to
consequently improve the learning of their students. These measures of
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effectiveness imply a need for further professional development opportunities
such as the IPTIR program, in order to continually increase the number of
qualified high school physics teachers.
2. Conceptual assessment results of the teachers as learners in the program as well as
the student conceptual assessment data both support significant conceptual gains
for learners in interactive classroom environments. Student data showing
increasing pre- to post-test gain in conceptual knowledge over the three years,
coupled with teacher pedagogy on average shifting towards more student-centered
methods, supports previous studies’ claims that interactive engagement teaching
methods result in greater student learning (Hake, 1998). The graduated
improvements with each year imply that student achievement would continue to
increase as the teachers gain more experience with interactive methods. Results of
this study contribute to research supporting the nationwide reform movement
towards interactive, student-centered learning environments supported by longterm professional development.
3. The program appeared to equally impact participant teaching pedagogy regardless
of experience as a science teacher or specifically as a physics teacher.
Additionally, data revealed that teachers with a higher frequency of teachercentered characteristics had greater changes towards reformed methods. This
implies that professional development programs that focus on increasing
interactive teaching pedagogy can be provided to teachers of all experience levels
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and teaching characteristics, and both new and seasoned teachers can learn to
incorporate interactive engagement techniques into their classrooms.
4. Data from the study revealed that the more inexperienced teachers started the
program with a slightly higher average frequency of traditional teaching
characteristics, but these inexperienced teachers were equally as capable of
learning and implementing interactive pedagogy as were the more experienced
teachers. Newer teachers may be either unfamiliar with interactive techniques, or
lack experience implementing these techniques and therefore may rely on the
more predictable and comfortable traditional techniques. This has important
implications for pre-service physics teacher training. Many pre-service teachers
learn physics in traditional college classrooms, but this study shows that
pedagogical content knowledge is very valuable to teachers. To produce teachers
capable of creating interactive classrooms, teacher preparation should include
coursework which builds content knowledge while utilizing interactive
engagement techniques. Giving pre-service teachers experiences to build
pedagogical content knowledge could build confidence to answer student
questions promoted in inquiry settings. The University of Northern Iowa (UNI),
in addition to content-specific teaching methods courses required by science
education majors, is now offering a course to address this need. Taught by UNI
Physics faculty, Resources for Teaching Physics introduces students interactive
engagement techniques used in the high school physics classroom by focusing on
PRISMS PLUS learning cycles and Modeling Instruction methods.
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A need for pre-service pedagogical content knowledge is not limited to the
area of physics, or even the field of science. Pre-service teachers in other fields
could also benefit from learning content using methods that could then be
translated into the classroom.
5. This study found that the most significant correlations with student learning were
with teacher content knowledge and physics teaching experience, and the
frequency of student-centered practices did not appear to directly impact student
conceptual assessment scores. While this may initially appear to contradict
previous implications of the benefits of interactive engagement techniques, a lack
of direct correlation does not necessarily imply causation, or lack thereof. As
Halim and Meerah (2002) proposed, teachers without a solid foundation of
conceptual understanding are more likely to be unaware of student
misconceptions, and the results from the IPTIR program imply that teacher
content knowledge and experience are a major factor in teaching effectiveness.
Because student-centered learning requires addressing misconceptions and
probing questions, this study supports the implication that deep conceptual
understanding must accompany the effective implementation of interactive
techniques.
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Recommendations for Future Programs
The need for more professional development programs for high school physics
teachers is evident, not only to provide a route for out-of-field teachers to gain physics
teaching endorsements, but also to improve the content knowledge of current physics
teachers while developing reformed pedagogical techniques. The evidence-based
conclusions of this study have led to the following recommendations for future programs:
1. Evidence indicates that both novice and experienced teachers benefit from the
program, as well as teachers both strong and weak in content knowledge. Because
content knowledge appears to be a limiting factor in the implementation of
student-centered techniques, future programs may consider isolating the cohort
into participants with weaker or stronger content knowledge. A cohort of
participants with weaker content knowledge would include a greater emphasis on
learning the content and/or move through the content at a slower pace.
2. To fully capture the impact of the program on teacher learning, it would be
recommended to administer conceptual assessments throughout the program as
opposed to only at the beginning and end of the initial summer session.
3. To fully capture impact on student learning, it would be recommended to have
participants administer conceptual assessments to students at the end of the
academic year prior to participating in the program. This would provide data to
compare student performance prior to a teacher’s participation in the program to
student performance throughout a teacher’s participation in the program.
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4. The three-year aspect of the IPTIR program revealed increasing gains in student
learning over the three years of the program, demonstrating increasing teacher
effectiveness with continued participation in the program. This data supports
recommendations of long-term professional development from Kennedy (1998),
Matsler (2010) and Horizon Research, Inc. (Banilower et al., 2013), and the Iowa
DoE (2013), emphasizing that future programs should maintain this multiple-year
model of professional development.
The data from IPTIR, a three-year program with two-week summer
sessions, can be compared to that of the University of Northern Iowa Physics
Institute (UNI-PI), a two year program with four-week summer sessions
(Escalada & Moeller, 2006). FCI student post-test scores were higher from
teachers in the UNI-PI (Year 1: 56.9%, Year 2: 51.8%) than any of the FCI
student post-test scores from IPTIR (Year 1: 41.5%, Year 2: 47.7%, Year 3:
48.1%). However the three year IPTIR program resulted in continual increases in
student achievement, where this trend was not seen in the UNI-PI data.
Additionally, IPTIR student FCI gain continually increased with each year,
whereas this was not seen in the UNI-PI data. This does not imply a less effective
UNI-PI program, rather it provides evidence that IPTIR’s additional year of
mentoring appears to be more beneficial to the teacher participants than providing
longer summer workshops over only two years.
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Further Research
Further analysis of IPTIR program data or of future programs may lead to
increased understanding of the factors that contribute to both teacher and student
learning. The following is suggested for further research:
1. Deeper research and comparisons may be performed on data from participants
that did not complete all three years of the program to determine benefits and/or
differences resulting from one, two and three years of participation.
2. Further correlations may be investigated of student learning with additional
participant characteristics, such as teacher confidence, school support, class size,
number of class preps, and/or class duration.
3. A long-term study on the cohort of teachers in the IPTIR program may determine
if pedagogy continues to shift towards reformed teaching methods after the
conclusion of the program, or if participants shifted back towards traditional
methods.
4. To determine if reformed teaching methods result in deeper and more permanent
understanding, a long term study could be performed on a sampling of
participants’ students both before and after interactive engagement techniques
were implemented in a teacher’s classroom. Conceptual assessments could be
administered to students that were in a classroom when the teacher more
frequently utilized traditional techniques, as well as to students in the same
teacher’s class after implementing reformed teaching methods. A long-term study
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would reveal knowledge retention of students in traditional vs. interactive
classrooms.
5. In addition to student achievement data, for future programs pre- and post-surveys
could be administered to students determine any changes in student interest in
science as a result of changes in classroom atmosphere towards increasingly
interactive environments. Data could potentially support findings by Matsler
(2010) and the Physics Teaching Resource Agents professional development
programs which contained documented increases in interest in science in concert
with shifts towards more student-centered classrooms.
6. Future investigations can be performed on teacher participants that teach courses
other than physics to determine if the pedagogical skills learned from PRISMS
PLUS learning cycles and Modeling Instruction can be transferred to other subject
areas. Separate follow-up surveys of classroom practices could be administered to
the teachers to complete for multiple courses to determine if the interactive
methods continued to develop in their physics courses, and if these methods
translated to other subjects.
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APPENDIX A
PARTICIPANT DEMOGRAPHICS
Participant #

Year(s)
participated

Years
Qualified as
High Needs
Status

1

2009,
2010, 2011

NA

267

165 (9-12)

General
Science

Ecology

2

2009,
2010, 2011

2009-2010
(30.3%)

Mississippi
Bend

321 (9-12)

Biology,
Chemistry

Earth Science,
Physics

3

2009,
2010, 2011

Unknown

267

215 (9-12)

Math,
Science

Algebra,
Chemistry,
Physics

Heartland

475 (9-12)

All science

Physics,
Chemistry,
Astronomy

NA

Grant
Wood

800 (9-12)

Biology,
Chemistry

Physics

195 (7-12)

Biology,
Chemistry

Physical
Science,
Physics

128 (9-12)

Biology

Chemistry,
Physics

640 (9-12)

Physical
Science,
Biotech

Earth Science

AEA

School
Student
population

Subject
area
expertise

2007-2008
(48.6%)
4

2009, 2010

2008-2009
(45.9%)

Other subject
areas

2009-2010
(47.2%)
5

2010,
2011*

6

2009,
2010, 2011

NA

Great
Prairie

7

2011

None

Grant
Wood

2007-2008
(57.1%)
8

2009,
2010, 2011

2008-2009
(59.3%)

Prairie
Lakes

2009-2010
(67.1%)
Table continues
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Participant #

9

10

Year(s)
participated

2010, 2011

2009,
2010,
2011*

Years
Qualified as
High Needs
Status

None

AEA

School
Student
population

Other subject
areas

600 (9-12)

Physics,
Math

Physical
Science,
Environmental
Science

267

1200 (9-12)

Math,
Physical
Science

Physics of
Technology

267

88 (9-12)

Biology,
Earth
Science

Physical
Science,
Chemistry

360 (K-12)

Biology,
Physics,
Chemistry

NA

Keystone

2007-2008
(37.5%)
2008-2009
(40.1%)

Subject
area
expertise

2009-2010
(43.6%)
11

2009, 2010

2008-2009
(30.7%)
2009-2010
(31.2%)

12

2009,
2010, 2011

None

Northwest

2007-2008
(38.0%)
13

2010, 2011

2008-2009
(44.0%)

Great
Prairie

265 (9-12)

Chemistry

Physical
Science,
Physics

Prairie
Lakes

770 (9-12)

Mechanics

Physics,
Chemistry

All science

Physics,
Foundations
Of Science

2009-2010
(45.9%)
2007-2008
(57.1%)
14

2009

2008-2009
(59.3%)
2009-2010
(67.1%)

15

2009,
2010, 2011

2009-2010
(30.4%)

Grant
Wood

1,500 (9-12)

Table continues
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Participant #

Year(s)
participated

Years
Qualified as
High Needs
Status

16

2009, 2010

None

Grant
Wood

17

2010,
2011*

NA

Loess Hills

AEA

School
Student
population

Subject area
expertise

Other subject
areas

412 (K-12)

Chemistry

Physical
Science

350 (9-12)

Physics,
Chemistry

NA

Chemistry

NA

2007-2008
(58.1%)
18

2010

2008-2009
(59.6%)

267

1,546
(K-12)

2009-2010
(63.4%)

19

2010, 2011

20

2009,
2010, 2011

21

2009,
2010, 2011

22

2009,
2010, 2011

2008-2009
(30.6%)
2009-2010
(34.53%)
None
2007-2008
(31.7%)
2009-2010
(31.7%)
None

267

575 (9-12)

Physical
Science, Ag

Physics

Heartland

650 (9-12)

Biology,
Chemistry

Physics

Keystone

267 (9-12)

Earth
Science,
Chemistry

Physics,
Physical
Science

267

165 (9-12)

Biology,
Chemistry

Physical
Science

Northwest

1,400 (9-12)

Physics,
Chemistry

2007-2008
(50.0%)
23

2009,
2010, 2011

2008-2009
(49.2%)
2009-2010
(56.3%)

Table continues
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Participant #

Year(s)
participated

Years
Qualified as
High Needs
Status

AEA

School
Student
population

Subject
area
expertise

Other subject
areas

2007-2008
(34.2%)
24

2009,
2010, 2011

2008-2009
(36.5%)

Prairie
Lakes

193 (9-12)

Physics,
Chemistry

Prairie
Lakes

160 (9-12)

Biology,
Chemistry

Mississippi
Bend

1,177 (9-12)

Biology,
Chemistry

Prairie
Lakes

240 (9-12)

Biology

Physical
Science

Green
Valley

348 (9-12)

Biology,
Chemistry

Physical
Science

714 (K-12)

Biology,
Anatomy
&
Physiology

Physics,
Chemistry

2009-2010
(41.4%)
2007-2008
(42.7%)
25

2009,
2010, 2011

2008-2009
(40.5%)

Physical
Science

2009-2010
(43.5%)
26

2011

None
2007-2008
(30.3%)

27

2011

2008-2009
(37.0%)
2009-2010
(37.2%)
2007-2008
(40.7%)

28

2009,
2010, 2011

2008-2009
(41.5%)
2009-2010
(49.3%)
2007-2008
(30.3%)

29

2009,
2010, 2011

2008-2009
(37.0%)
2009-2010
(37.2%)

Prairie
Lakes

Table continues
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Participant #

Year(s)
participated

Years
Qualified as
High Needs
Status

AEA

School
Student
population

2007-2008
(30.3%)
29

2009,
2010, 2011

2008-2009
(37.0%)

2009, 2010

None

Other subject
areas

Prairie
Lakes

714 (K-12)

Biology,
Anatomy
&
Physiology

Prairie
Lakes

1250 (K-12)

Biology

Physics,
Chemistry

Great
Prairie

700 (9-12)

Biology,
Chemistry

NA

140 (9-12)

Chemistry

Physics,
Physical
Science

291 (7-12)

Biology,
Earth
Science,
Physical
Science

NA

Northwest

1,350 (9-12)

Physics,
Biology,
Chemistry

NA

Grant
Wood

1654 (K-12)

Biology

Physics, Earth
Science

2009-2010
(37.2%)
30

Subject
area
expertise

Physics,
Chemistry

2007-2008
(35.7%)
31

2010, 2011

2008-2009
(38.4%)
2009-2010
(41.6%)

32

2009,
2010, 2011

None

Heartland

2007-2008
(34.3%)
33

2009, 2010

2008-2009
(35.8%)

267

2009-2010
(45.5%)
2007-2008
(50.0%)
34

2010, 2011

2008-2009
(49.2%)
2009-2010
(56.3%)

35

2009,
2010, 2011

*Summer only

None

